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摘 要 
氧化铟锡（ITO）具有优异的高电导和高可见光透光率性质，已广泛应用
于透明导电氧化物（TCO）薄膜材料。有关 ITO 材料的研究，大多集中于其高
载流子浓度导致的高电导性质。虽然 ITO 纳米粉体由于其高载流子浓度，因此
具有高的近红外吸收特性，作为热阻隔材料有应用潜力，但，ITO 热阻隔材料
的相关研究，主要是成膜工艺、膜层性能等方面；而对于关键的基础问题，即，
ITO 纳米粉体材料的基础问题，尤其是等离子共振（SPR）吸收特性方面的研
究尚缺。等离子共振吸收的影响因素，理论上虽然给出了指导，但，针对 ITO
纳米粉体，如何控制其等离子共振吸收峰，相关的机理和模型等方面，少有研
究。 
本文采用共沉淀法和溶剂热法，以廉价的 InCl3 ·4 H2O、SnCl4·5 H2O 为原
料，合成了具有高红外吸收性能的 ITO 纳米粉体；通过 SEM、XRD、XPS、
UV-Vis-NIR 等分析，对其结构和形貌进行了表征，并着重研究了煅烧气氛、煅
烧温度、Sn 含量、溶剂种类对 ITO 纳米粉体的等离子体共振吸收特性的影响，
讨论了主要的影响因素及可能的机理；通过共混法，制备 ITO 透明隔热涂料，
评价了透明膜层的透光率及红外阻隔率。 
结果表明，(1) 对于共沉淀制备方法，使用单一气氛煅烧时，氧化气氛（空
气）下，SPR 吸收峰位于 2500 nm；而还原气氛（氩气与 5 vol%氢气的混合气
体）下，SPR 吸收峰位于 1300 nm；随煅烧温度变化，SPR 吸收波长没有改变，
载流子浓度 ne也相应的没有改变。然而，实验发现，先经过 600 ℃氧化气氛煅
烧后，再经还原气氛煅烧，ITO 纳米粉体的 SPR 吸收峰，位于 1200 nm 至 1430 
nm 范围，随加热温度的升高发生蓝移，即，在上述工艺条件下，ITO 纳米粉体
的 SPR 吸收峰可控可调；这实验发现，对 ITO 纳米粉体作为近红外阻隔材料的
应用有指导意义。XPS 分析表明，随还原气氛煅烧温度的提高，氧空位浓度变
化不明显，其对于载流子浓度的影响很小，几乎可以忽略。ITO 载流子浓度主
要取决于 Sn-O 复合结构的结合程度。(2) 随着 Sn 含量的升高，ITO 纳米粉体
的 SPR 吸收峰先蓝移后红移。当 Sn 含量小于 8 %时，随着 Sn 含量的升高，载
流子浓度提高；而当锡含量大于 8 %时，由于部分 Sn 成为电子陷阱，降低了载
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流子浓度。（3）对于溶剂热制备方法，研究了溶剂种类、温度对 ITO 纳米粉体
SPR 吸收峰的影响。溶剂热反应中，由于不同溶剂的还原性、粘度不同，对 ITO
纳米粉体的还原程度不同，导致 ITO 纳米粉体的载流子浓度不同，等离子共振
吸收峰也有所不同。290 ℃溶剂热时，使用甲醇、乙醇、乙二醇溶剂，制备的
ITO 结晶度较高。而使用异丙醇和丁醇溶剂，制备的 ITO 结晶度较低。ITO 纳
米粉体的生长过程为：In(OH)3→InOOH→In2O3。（4）尝试以共混法制备 ITO
透明隔热涂层，当 ITO 含量为 7 %时，可见光透光率为 83.90 %，比空白玻璃
仅降低 6.60 %；红外光透光率仅为 41.80 %，与空白玻璃相比，红外隔绝率超
过 40 %。在保证高可见光透光率的同时，具有良好的隔热功能；ITO 纳米粉体
作为热阻隔材料，呈现了在建筑、交通领域的应用前景。 
 
关键词：ITO，表面等离子体共振吸收，载流子浓度，热阻隔材料 
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Abstract 
Indium tin oxide (ITO) has been widely used as a transparent conductive oxide thin film 
materials, due to its excellent properties of high conductivity and high transparency to visible 
light. Numerous efforts have been focused on its property of high conductivity because of its 
high free carrier density of ITO nanopowders. Although the absorption of near-infrared (NIR) of 
ITO caused by its high free carrier density makes it be able to be used as heat isolation material, 
however, the research of ITO nanopowders as heat isolation materials mainly focus on film 
forming process, film performance, but the key fundamental issues, namely, the fundamental 
issues of ITO nanopowders, especially the research of the surface plasma resonance (SPR) 
absorption is still missing. Although the theory gives guidances to the influence factors of SPR 
absorption, there is little research about how to control the SPR absorption peak, the relevant 
mechanism and model about ITO nanopowders.  
In this study, ITO nanopowders with high NIR absorption were prepared by a 
coprecipitation process and a solvothermal process from a mixed solution consisting of indium 
chloride and tin chloride. The structure and morphology were characterized by SEM, XRD, XPS 
and UV-Vis-NIR analysis. Our research focuses on the influence of calcination atmosphere, 
calcination temperature, the concentration of Sn, solvent type to the SPR absorption 
characteristcs. The main influence factors were discussed and possible mechanisms were 
proposed. The transparent and heat isolation coatings were prepared through blending method as 
a test. The transmittance of visible light and IR blocking rate were evaluated. 
The results show that: (1) For the coprecipitation process, the SPR absorption peak appears 
at 2500 nm under an oxidizing atmosphere (air) or at 1300 nm under a reducing atmosphere (a 
gas mixture of Ar and 5 vol% H2) when calcinated under a single atmosphere. There is no 
change in the plasmon frequency with the variance of calcination temperatures and therefore no 
change in the free carrier concentration. However, when calcinated first at 600 ℃ under an 
oxidizing atmosphere and then reheated under a reducing atmosphere (step by step calcination 
atmospheres) at different temperature, the SPR absorption peaks of the ITO nanopowders are at 
the range of from 1200 nm to 1430 nm, undergoing a blue shift as the reducing process 
temperature increases. The SPR absorption peaks of the prepared ITO nanopowders is easily 
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